Background: Endoaneurysmorrhaphy with intraluminal graft placement, described by Creech, is the gold standard for abdominal aortic aneurysm (AAA) repair. Endovascular aneurysm repair has gained popularity for its minimal invasiveness and satisfying short-term results, but there are still many concerns about the long-term success of the procedure. Since 1998, laparoscopic surgery has been proposed for AAA treatment. The potential benefits of a minimally invasive procedure reproducing the endoaneurysmorrhaphy results over time have been advocated. In our experience, handassisted laparoscopic surgery (HALS) has been routinely used for the open-surgery transperitoneal/retroperitoneal approach and for endovascular aneurysm repair. After 4 years, we are able to define the early and middle-term results of such laparoscopic-assisted treatment. Methods: From October 2000 to March 2004, 604 consecutive nonurgent AAAs were treated at our institution. Of these, 122 (20.2%) were treated by HALS. Exclusion criteria for HALS were hostile abdomen (previous major abdominal or aortic surgery), bilateral diffuse common iliac and/or hypogastric aneurysms, massive aortoiliac calcifications, and severe cardiac (ejection fraction <35%) and respiratory (PO 2 <60 mm Hg or carbon dioxide >50 mm Hg) insufficiency. Juxtarenal and proximal iliac aneurysms were not a contraindication, nor was obesity. In all patients, we performed a minilaparotomy (7-8 cm) both for laparoscopic hand-assisted dissection and for endoaneurysmorrhaphy. All perioperative data were prospectively recorded. Follow-up consisted of ultrasonography and clinical evaluation after 6 and 12 months and then every year after surgery. Results: The mean laparoscopic and total operative times were respectively 64 ؎ 32 minutes and 257 ؎ 70 minutes, the mean aortic cross-clamping time was 76 ؎ 26 minutes, and the mean autotransfused blood volume was 1136 ؎ 711 mL. The overall mortality and morbidity were respectively 0% and 12.2%. Morbidity was surgery related in only two cases (bleeding from an ipogastric artery lesion and a leg graft thrombosis). The mean intensive care unit stay was 14.3 ؎ 13 hours. Oral food intake was resumed after 27. 4 ؎ 15 hours, and patients were discharged after a mean of 4.4 ؎ 1.7 days. Operative times were not affected by obesity, suprarenal aortic cross-clamping, or aneurysm size. Both concomitant iliac aneurysms and bifurcated graft implantation (related to longer vascular reconstruction) involved significantly longer operative times. The learning curve of the procedure (comparing the first 30 patients with the last 92 patients) led to significantly shorter endoscopic, cross-clamping, and total operative times (P ‫؍‬ .000). The mean follow-up was 28.6 ؎ 16 months. Three incisional hernias and one case of bowel occlusion were detected. All these cases (3.4%) required laparoscopic treatment. Conclusions: The HALS technique is a safe and minimally invasive treatment for AAA; it is useful for limiting the need for conventional open surgery and reducing the length of hospital stay. Despite the lack of randomized studies, HALS seems to be associated with a better postoperative course than standard open surgery. HALS can also be considered as an equivalent of a well-established procedure and as a bridge between open and total laparoscopic surgery. ( J Vasc Surg 2006;43:695-700.)
Currently, the gold standard in the treatment of abdominal aortic aneurysms (AAAs) is still aneurysm repair with a prosthetic graft through an open approach. 1 In the last 10 years, AAA endovascular exclusion has become an established option as a result of an extremely high success rate (98%) and good immediate results (98%). 2, 3 However, with longer follow-up periods, complications such as en-doleaks (10%-20%), 4 endograft migration (3.6%-15%), 5, 6 occlusion (3%-4%), 7 and aneurysm rupture (1%) 3 have been reported. These complications have been responsible for reoperation in 10% to 34% of cases. [8] [9] [10] While endovascular surgery has been gaining widespread popularity, the laparoscopic technique (through either a fully laparoscopic or a laparoscopy-assisted approach) for AAA repair has been introduced. [11] [12] [13] [14] These techniques have been developed to overcome some technical challenges, such as bowel manipulation, bleeding control, and, mainly, the performance of vascular anastomoses, which might jeopardize the procedure success rate. [15] [16] [17] Among the laparoscopy-assisted approaches, the hand-assisted technique has been used since 2000 both for aortic obstructive disease and for AAA. [18] [19] [20] We present herein our experience with 122 consecutive cases of laparoscopy-assisted AAA repair, focusing on the learning curve effect and the early and mid-term results (1-53 months) . All patients underwent a preoperative workup consisting of contrast medium-enhanced computed tomography with an angiographic phase; angiography was reserved for patients with clinically evident iliofemoral arterial disease. The average AAA diameter was 56.3 Ϯ 9 mm; patients whose AAA showed a rapid increase (Ͼ1 cm in 12 months) were also candidates. Exclusion criteria for HALS were a hostile abdomen, previous aortoiliac surgery, inflammatory aneurysms, extensive aortoiliac calcification at the level of the assumed aortic clamping site, hypogastric aneurysms, and severe cardiopulmonary disease (ejection fraction Ͻ35%, arterial PO 2 Ͻ60 mm Hg, and/or arterial carbon dioxide Ͼ50 mm Hg). Juxtarenal AAAs (17.2%) necessitating suprarenal clamping and obesity (body mass index Ͼ30 kg/m 2 ; 22.1%) were not considered contraindications. The need for renal artery reimplantation was not a strict contraindication to HALS repair (2.4% of cases). Patient selection was also conditioned by logistic factors, because in that period only two surgeons were familiar with and using this technique. At present, other surgeons in our team have been trained in the laparoscopic approach. As a consequence, in the last 12 months the percentage of patients treated by HALS for AAA has increased to 39%. The anesthesiologic risk was graded according to the American Society of Anesthesiologists classification system (Table I) .
MATERIALS AND METHODS
Surgical technique. The patient is placed in the supine position. A midline minilaparotomy incision of 7 to 8 cm is performed to allow placement of the port-site device (Omniport; Advanced Surgical Concept, Dublin, Ireland). Through the Omniport, the nondominant hand of the surgeon is introduced into the abdominal cavity without any gas (carbon dioxide) loss. The exact incision site is selected on the basis of the preoperative computed tomographic scan by taking the umbilicus as a key point and trying to gain clear vision of both the assumed proximal and distal anastomotic sites. After the minilaparotomy is performed, a 10-mm trocar is placed along the midline, just in the hypogastrium. This port is meant for a 30°laparoscopic optic and for carbon dioxide insufflation to create a 12 mm Hg pneumoperitoneum. With his or her nondominant hand, the surgeon gently pushes the bowel loops toward the right part of the abdominal cavity with the aid of a laparoscopic sponge and with tilting the operating table to the right and in the Trendelenburg position (not exceeding 30°).
Under endoscopic control, a 5-mm trocar is introduced into the mesogastrium lateral to the border of the left rectus abdominis muscle. This port is used for dissection of the proximal aortic neck. Preparation of the distal anastomosis requires placement of a further 5-mm trocar lateral to the border of the right rectus abdominis muscle (Fig 1) .
The approach to the abdominal aorta is the same as that performed through a xiphopubic incision. After isolation of the proximal and distal anastomosis location sites, we deflate the abdominal cavity. The Omniport device is removed, the bowel loops are kept in place in the right abdomen with the aid of laparoscopic sponges, and the incision is kept open with an autostatic retractor (Gray Surgical, Bentley, Australia; Fig 2) .
Abdominal wall retraction is initially directed for the proximal aortic camping (with a conventional DeBakey aortic clamp) after infusion of intravenous heparin. Because of the adequate preparation of the clamping site by the laparoscopic dissection, an extreme retraction in the cranial direction is not necessary. The aneurysm is opened, and the thrombus is removed. At the same time, another retractor (manually activated) is applied in the caudal part of the incision to stop the back-bleeding from the two iliac arteries by the insertion of 2 Fogarty catheters or 2 pediatric Foley catheters (the balloon tip is inflated to obtain vascular occlusion). This obviates the need for more extensive dissection of the iliac arteries and the difficulties with their clamping in the presence of significant calcification. The patent lumbar arteries are sutured from the inside of the aneurysm. Only at this point is the "surgical window" opened as proximally as possible, with the help of a selfretaining retractor.
The proximal anastomosis between the aorta and the prosthesis is performed under direct vision with conventional but long instruments, according to the technique described by Creech. 1 Once the proximal suture has been checked, the abdominal wall incision is retracted downward to allow for better visualization of the distal anastomotic sites. We have always used Dacron (DuPont, Wilmington, Del) woven straight (83%) or bifurcated (17%) vascular prostheses (Intervascular, Silver; Datascope Company, La Cochat, France). If it is necessary to perform anastomosis in a more distal site (such as the external iliac artery), an oblique suprainguinal incision, as described by Castronuovo et al, 21 is performed, thus exposing the external iliac artery extraperitoneally (two cases; 1.6%). Femoral reconstruction is limited to cases with heavily diseased whole iliac axes (three patients; 2.4%). Afterward, the inferior mesenteric artery is sewn (100% of cases) or reimplanted, depending on the left colon vascularization. The aneurysm wall and the posterior parietal peritoneum are closed to cover the prosthesis in the conventional way. Before the minilaparotomy is closed, the abdominal cavity is irrigated with warm saline solution (38°C). The peritoneal and muscular edges of the laparotomy are then infiltrated with 2% Ropivacaine. Postoperative care. All patients treated by HALS were extubated on the operating table. In 87% of cases, they were admitted to the intensive care unit for at least 12 hours. Intravenous analgesia was given for the first 8 hours after surgery, followed by on-demand administration, without any peridural catheter. The nasogastric tube was removed 8 hours after the procedure in all cases. Oral liquid intake was allowed immediately after surgery, and soft food was allowed on the first postoperative day. Parenteral infusion with hydrosaline solutions was maintained according the patient's water balance only during the first postoperative day, unless signs of ileus were clinically evident. Postoperative outpatient control visits were scheduled at 6 and 12 months and once a year thereafter (clinical evaluation and abdomen ultrasonographic follow-up).
Statistical analysis. Values are reported as mean Ϯ SD. The statistical analysis was performed with the t test for independent samples and the Mann-Whitney test, as appropriate. The level of significance was set at .05.
RESULTS
There were no perioperative deaths, and the overall morbidity rate was 12.2%. No conversion (to standard midline laparotomy) was needed during laparoscopy for 122 AAA patients. In nine cases (7.3%), the minilaparotomy was extended up to 10 to 12 cm to enable the repair of iliac aneurysms (for seven iliac aneurysms, no extension has been needed). The operative time was 257 Ϯ 70 minutes: 64 Ϯ 32 minutes for the laparoscopic preparation and 194 Ϯ 58 minutes for the aneurysm repair. The average time of aortic clamping was 76 Ϯ 26 minutes, and for the suprarenal clamping it was 27 Ϯ 6 minutes. Blood losses were 1136 Ϯ 711 mL (reinfused with a cell-salvage circuit). Eight patients (6.5%) needed blood transfusions. The average length of the stay in the intensive care unit was 14.3 Ϯ 13 hours. The average time to bowel movement was 32.8 Ϯ 12 hours. Patients resumed solid food intake after a mean of 27.4 Ϯ 15 hours after surgery. As a result of prolonged ileus, three patients (2.4%) required longer intravenous crystalloid support. Apart from systemic complications (pneumonia in three [2.4%], arrhythmias in three [2.4%], prolonged ileus in three [2.4%], myocardial ischemia in two [1.6%], and renal dysfunction in two [1.6%]), two (1.6%) complications related to surgery were observed (bleeding from a hypogastric artery injury and thrombosis of a bifurcated graft leg) that necessitated urgent reoperation without extension of the minilaparotomy. The proficiency-gain curve. We divided the study population into 2 groups of 30 and 92 cases to investigate the influence of the proficiency-gain curve on the duration of surgery, operative blood loss, and postoperative hospital stay (Table II ). The first 20 cases were performed under the supervision of an experienced general surgeon (A.P.). Table III outlines the effects of obesity, the type of aneurysm (size, location, and iliac involvement), and vascular reconstruction (straight or bifurcated prosthesis) on the duration of surgery.
DISCUSSION
HALS was introduced in general surgery to cope with the more complex laparoscopic procedures without jeopar-dizing the benefits of a minimal-access approach. 17 The insertion of a hand inside the insufflated abdominal cavity restores tactile feedback to the operator and thus enables the surgeon, by virtue of the restored tactile palpation, to locate the aneurysm neck and iliac arteries, thus adding to the visual evaluation of the quality of the tissues (especially calcification of the arterial walls). The internal hand also compensates for the lack of the tridimensional vision encountered in laparoscopy. In the transperitoneal approach to the abdominal aorta, the hand also plays a primary role for retraction of the intestinal loops; it permits a quick exposure of tissues which is otherwise difficult to achieve by laparoscopic autostatic retraction systems, 22 through extreme rotation of the table, or even by the retroperitoneal and/or retrocolic approaches (as in a total laparoscopic approach). 16 The hand offers dynamic retraction, which is easily adjustable, and it can also be used for gaining exposure through blunt dissection. The internal hand improves reliability and safety, because it allows immediate control of serious bleeding. Turnipseed et al 23, 24 in 2000 and 2001 described the mini-incisional technique, which enables the vascular surgeon to repair an infrarenal AAA through a 10-cm minilaparotomy (range, 8-12 cm) without any video assistance. The substantial advantage of the HALS over the mini-incisional technique is in the phase of arterial isolation: it is easier and safer to work in a wide space distended by gas with adequate illumination and with camera magnification. In particular, this turns to be true when the suprarenal aorta is prepared for clamping; moreover, with the HALS, it is also possible to isolate the entire iliac common axes up to the bifurcation. Turnipseed et al 23 also recommend managing the aortic occlusion with a flexible clamp. The jaws of the flexible clamps have to be driven by fingers; otherwise it might be difficult to accomplish a complete occlusion of the aortic lumen, especially at the suprarenal level. Working through a 7-cm window makes this almost impossible. The traditional very long DeBakey clamp, inserted trough the minilaparotomy, never raised problems, although it is possible to place it via a separate stab wound performed above the minilaparotomy margin.
In our experience, we had no cases that necessitated conversion and had a 100% success rate in preparing the aneurysm neck for cross-clamping and implanting the prosthetic graft. However, the most complex cases in our laparoscopic experience were the ones with an anteriorly located aneurysm wall obscuring the proximal aortic neck.
We avoided the HALS approach in patients with a massively calcified area (not just an aortic wall with some calcifications) because, in these cases, for the patient's safety, we considered it essential for the surgeon to have the widest freedom of movement. In this respect, other authors have reported technical problems due to extensive calcifications. 21, 25 Although the average operative time was slightly over 4 hours, the postoperative course was characterized by early recovery and by early resumption of oral intake (just 1 day after surgery). Passage of flatus occurred on average on the first postoperative day, thus allowing for withdrawal of the intravenous crystalloid support on the second postoperative day.
These results seem to indicate a better postoperative course after HALS compared with standard open long midline laparotomy. Although retrospective comparisons with open surgically treated cases are unreliable because the groups are not matched or randomized and, thus, are subject to the influence of uncontrolled variables (see Table IV ), we think that the advantages over the open surgical approach are likely to be real. Still, randomized prospective trials are obviously required. Comparisons of HALS vs total laparoscopic aortic surgery based on data from the reported laparoscopic literature 16 are possible. Compared with total laparoscopic surgery, HALS results in a shorter postoperative hospital stay (4.4 days vs 6.3 days 15 and 9 days 16 ). It is likely that the proficiency-gain curve of the total laparoscopic approach is considerably longer.
The effects of the proficiency-gain curve for HALS were clearly demonstrated by the first 30 cases, after which both the laparoscopic and minilaparotomy times were significantly shortened, with advantages including a reduced postoperative hospital stay. Adverse factors such as obesity, a large aneurysm size, and the need for suprarenal clamping have not influenced the length of operation. In fact, the hand-assisted dissection has permitted rapid identification of the aneurysm neck even when it is obscured by fatty retroperitoneal tissue. In addition, finger retraction allowed for a quick dissection of the juxtarenal and suprarenal aorta. In contrast, the presence of iliac aneurysm and the necessity for use of a bifurcated prosthesis have been associated with a longer operative time, probably as a result of an additional vascular anastomosis. No complications due to the implanted prosthesis have been observed in the follow-up, but some late problems have been encountered that are related to the minilaparotomy (incisional hernias), with one case of intestinal obstruction due to intestinal adhesions. The incidence of incisional hernias was lower than described by other authors 19, 26 and was similar to the experience of Alimi et al 27 (8% after 17.1 months of follow-up). Perhaps the explanation lies in a report published by Israelsson, 28 which showed that the incidence of postoperative incisional hernias was directly related to the incision length. HALS has proven to be a reliable technique that is able to cope even with technically complex AAAs (large or juxtarenal AAAs, those in obese patients, and those associated with iliac aneurysms) with better immediate results than those so far obtained with a total laparoscopic approach. The minilaparotomy does not significantly reduce surgical minimal invasiveness (with respect to total laparoscopic AAA repair); on the contrary, it has increased the safety of the procedure and its feasibility and reproducibility, accelerating the proficiency-gain curve.
CONCLUSION
HALS has proven to be a feasible and reliable therapeutic approach for the treatment of AAAs. It is able to limit the need for conventional open surgery and to reduce the hospital stay to a length similar to that after the AAA endovascular exclusion technique. HALS can also be considered as an equivalent to an "established" procedure and as a bridge between open and total laparoscopic surgery. It reduces the traumatic insult to the patient after open surgery without compromising the benefits of the laparoscopic approach. 
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